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ABSTRACT 



A method for improving chromatic text resolution includes 
transforming a color image signal into chrominance (CI, 
C2) image signal components and a luminance (L) image 
signal component. A mask is created for a selected image 
object from the luminance image signal components. The CI 
and C2 image signal components are modified by the mask 
into new image signal components, Cl^^, C2 NEW9 respec- 
tively. The new image signal components are transformed, 
with L, into a new color image signal that does not have 
chromatic blur. 
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METHOD FOR IMPROVING CHROMATIC luminance interactions having high contrast luminance sig-\ 

TEXT RESOLUTION IN IMAGES WITH nals actually facilitate, i.e. reduces the threshold, of chromi- 1 

REDUCED CHROMATIC BANDWIDTH nance signals. This appears to be the cause of chromatic blur £ 

in the preceding scenario. 



FIELD OF THE INVENTION 



SUMMARY OF THE INVENTION 



This invention relates to improvements in the resolution 

of color images, and specifically to improvements in text The method for improving chromatic text resolution 

resolution in images produced by color printers or in other includes operating on a color image signal that is separated 

color image displays. into chrominance (CI, C2) image signal components and a 

luminance (L) image signal component. A mask is created 

BACKGROUND OF THE INVENTION fof a ^ctai image object fro m fre lumia a J i C& 4mag6^ignal 

There exists a problem in displaying images of text, components. The CI and C2 image signal components are| 

particularly text displayed in saturated colors, on certain mollified by the mask into new image signal components, 

light colored or white backgrounds. This problem occurs Clj^^ Cl^^ respectively. The new image signal com-^ 

when chromatic subsampling or other chromatic spatial ponents are transformed, with L, into a new color image 

band width reduction is used in images containing text or signal that does not have chromatic blur. In the event that the 

other fine graphical line objects. The resulting chromatic initial color image signal is in a RGB or CMYK color 

blur is most visible when the text is on a white background. representation format, the signal is transformed into the L, 

It is significant that the visible chromatic blur that results CI, C2 format, and transformed back into the RGB or 

from chromatic subsampling is not present, in either chromi- CMYK color representation format at the end of the process, 

nance or luminance, for normally captured images of It is an object of the method to provide improved reso- 

objects, people or scenes. lution of saturated color text on a light background. 

One way to represent a color image is by way of repre- Another object of the invention is to provide such 

senting the luminance of the image in terms of lightness 25 improved resolution in a computationally efficient manner. 

(L*), which ranges from black to white, and the chromi- A farther object of the mventioD k to e Hrnioate spurious, 

nance (a*, b*), which determines the color content and halo-producing chrominance values which occur as the 

saturation of an image from no color to saturated color, as rcsult of subs ampling during a decompression process, 

well as the mix of colors. The luminance and chrominance _ , , , „ . . 

. . c a -if - -if These and other obiects and advantages of the invention 

content of an image, and more precisely, of a given pixel of w _ 1L _ . J . , & , . . ... 

j- j • • j ..j r * * Al4 . , 6{J will become more fully apparent as the description which 

a digitized image, may be described as L*a*b . Alternately, -„ . , . J \Y . , . , . r 

, . j L. ^ — r ' M follows is read in coniunction with the drawings. 

the luminance and chrominance may be generally repre- J °^ 

sented by L, CI, C2, where CI and C2 are the two chromi- BRIEF DESCRIPTION OF THE DRAWINGS 
nance components, which may be a* and b* in the L*a*b* 

color system, U and V of the YUV color system, or I and Q 35 FIG. 1 depicts chromatic blur in an image. 

of the YIQ color system. Other chrominance components FIG. 2 depicts the L*a*b* color paradigm. 

may be used and may be generalized as CI and C2. It is the FIG. 3 is a graphical representation of a chrominance 

chrominance factor which tends to blur when saturated image signal 

colors are displayed on a light background. __ . , . , _ . - 

t „ , , „ . . FIG. 4 is a representation of the signal of FIG. 3 after 

to the field of image representafon, and particularly in the 40. subsampling and interpolation back toils initial resolution: 

field or digital copiers, images may be compressed for m , , . _ , 

. • * u * +u • l FIG. 5 depicts the initial embodiment 01 the method ol the 

transmission between the image generation source, such as . F 

a scanner or digital camera, and the printer. The compressed invention. 

image is then decompressed by the printer prior to being FIG - 6fl represents the chrominance input and output 

made into a hard copy. During compression, the particular 45 signal used in the invention. 

format representation often subsamples chrominance images FIG. 6b represent an alternate of modifying the chromi- 

with respect to the luminance image. In normal continuous nance signal by a mask of the invention, 

tone images, the distortions due to subsampling of the piG. 7 represents alternate methods of generating the 

chrominance values are not visible to the eye. Additionally, mask from the luminance image. 

when high resolution text is inserted into the continuous tone 50 Fia 8 fc a representation of the subsampled signal of FIG. 

images the sharpness of the black, grey and white text is not 2 afier b - ^ ied t0 a technique, 

j affected. However, when chrom atic text contains saturated . r, .tr.- 

f colors, e.g., red, green, bTSTwl!wgcnla and yellow u . 9 depicts a portion of the method of the invention 

'(RGBCMY), the chromatic blur is visible. Thechrormtic having dlfferential ^ a PP hed to the mask thercof - 

blnr_visibility, ho wever, is dependant on the grey level and 55 FIG. 10 represents another embodiment of a portion of the 

is most visible on white, and not visible at all with chromatic invention modified by a high-pass enhancement. 



text on black backgrounds. FIG. U represents a portion of the method of the inven- 

The applicable visual theory predicts that the chromatic tk>n wherein different mask signals are generated for the plus 

band width reduction should not be visible, however, this and minus directions of CI, C2. 

theory fails in the case of saturated color text on light 60 
backgrounds. The theoretical band width reduction of 
chrominance signals is based on the reduced bandwidth of 

the CI and C2 contrast sensitivity^Ju nctions (CSF^ m _which This disclosure deals with using the luminance signal as 

( r^are_j/afid^fo^^ et al., Contrast a control for the processing of chrominance signals in order 

Dependence and Mechanism of Masking Interactions 65 to prevent chromatic blur. Turning initially to FIG. 1, a 

Among Chromatic and Luminance Gradings, J. Opt. Soc. portion of a digitized image is depicted generally at 10. Each 

Am. A., Vol. 5, No. 7, July 1988, page 1149, found that cross block on the grid represents a single pixel of the image. In 



DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 
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this case, an object 12, which may be text, for' example, the' color envelope approaches the L* axis', denoting the 

occupies a number of pixels in the grid. Object 12, for absence of color. Specifically, the values are zero for both 

purposes of this discussion, is considered to be a saturated chrominance signals at the luminance minimum and maxi- 

color, i.e. red, green, blue, cyan, magenta, or yellow mum. When a chromatic text character, or line art, on a black 

(RGBCMY) which is displayed on a white (W) background 5 or white background, is chromatically blurred, the text is 

14. As previously noted, any color system, such as RGB, surrounded by values of chrominance that are inconsistent 

CMYK. L*a*b*, YUV, or YIQ, for example, may be used with the luminance values. When the conversion is made 

and provide the initial signal which results in image 10. fj 0m the luminance-chrominance color representation back 

Object 12, as depicted, has been generated by some form of to a RGB or CMYK representation during decompression or 

digitizer, or graphic rendering process, has been 10 rendering, the inconsistent luminance and chrominance val- 

compressed, with a process using chromatic bandwidth ues lead to a luminance change as the out-of-gamut color is 

reduction, and then decompressed into the depicted object. mapped orthogonally to the surface of the color gamut. This 

In chromatic bandwidth reduction, a color image signal luminance change creates halos, or color bleeding, around 

representative of the object is originated in a RGB, and/or chromatic text, as shown in FIG. 1, which is prevented by 

CMY and black (K) and white (W) format, converted to, for 15 the method of the invention. 

instance, an L*a*b* format, or other format for compression Because ^ mQSt noliceable form of chromatic blur is m 

and transmission. It is then converted back to the RGB ±t simadon where chromatic text is laced on a white 

and/or CMYK format for printing or display. The deoom- background) m)oT bleeding may be removed from me chro . 

pressLon step requires interpolation of the subsampled or ma{ic characters usin t he method of the invention. In a 

otherwise bandwidth-reduced chrominance values to deter- 20 whhe ^ ^ chromiDance si ^ should be zer0 , and 

mine the specific chrominance for a given pixel. Other ^ method forc&s ^ chrominance values t0 zero if the 

bandwidth reduction may comprise simple filtering, such as COQtrol si d from ^ luminance mdicates tha t the pixel is 

is done in the NTSC and PAL video standards. As a result of ^ ^ ^ {s fa doQe 0Q a basis . ^ 

the subsamphng, compression and decompression, a certain consequence is mat a spatial resolution enhancement in 

amount of chromatic blur, represented by halo areas 16 18, 25 chromatic text ^ achieved resortill g t0 the use of 

and 20 is present. For high image quality, however there ia] ators . Hence> me method of the 

invention is 

should be a distinct break in the color area, i.e. there should computationaUy efficienL ^ melhod ^ essentially a point- 
be saturated color in one pixel at the edge of the object 12, processiDg scheme across u C1 and C2) which are the 
and pure white m the next pixel. luminance and chrominance signal components. This is a 
In order to understand the origins of the chromatic blur 30 computationally inexpensive, efficient method, especially 
depicted in FIG. 1, and now referring to FIG. 2, a three axes when compared with other spatial resolution approaches, 
representation is depicted generally at 22. The vertical axis sucb ^ filtering 

represents luminance (L*) and has arbitrarily assigned yal- Re Qow nG method - miQa . & ^ 

ues 0 to +1 The two horizontal axes represent the two d icted B neraUy at 30. The method, and variations thereof, 

components of chrominance and are represented by a* and 35 ia \ ^ on , he of tfae absolme vahle of the 

b*. The mtersection of the axes is the value of zero for the , . , & . * .u 

, . * * j • • j *u * 1 * chrominance image signal components as a function of the 

two chrominance components. As depicted, the signal for a . r iL i - • - i 4 ^ 

... , . A ... , . . , ' j ^ value of the luminance image signal component. To practice 

white object will have a luminance value of plus one and a* 4 , 4 , . . . • i j • . j n * *i 

and b* values of zero. As the three-dimensional color » «*» ™& *P«««» at 

1 . j w.jt.^T*' mcluding a red component 34, a green component 36, and a 

envelope, or gamut, 24 expands outward from the L* axis, 40 .1 * *j j-V-- 1 -m V--- j 

, r • *v • yi „ T „ ^ blue component 38, is provided. Signal 32 is transformed, 

color appears in the image. Returning now to FIG. 1, the .1 ^ An u V 1 * * *■ 1 -*u ^ - * 

u Vj f, * • 1 • * block 40, by conventional transformation algorithm T into a 

result of decompressing the compressed signal is the gen- .. . * /t \ j c 

c Lt j f , • 1* 10 j <»n u- u luminance image signal component (L) 42 and a pair of 

eration or bhirred, or halo, regions 16, 18 and 20, which , . ^ . r / aa a* tr*-% ^\ 

• u i_ 1 r * j l* j 1 1 chrominance image signal components 44,46 (CI, C2). 

should have zero values for a* and b* and a plus one value „. . AA A b Adi ^ - T. * • 1 • 

fTAiL n r u • • * if* Signal 42, 44 and 46 are the result of a signal compression 

for L. As the result of subsampling, spurious values for a* 45 . . . - . * j j 

, . * . * 1 . 1 • 1*1 1 /r 1 o Jin sle P> a transmission or storage step and a decompression 

and b are assigned to the pixels in blur areas 16, 18 and 20. , r , , 7 . , , < • A 

j . a^>i & iiv,vi uiv, F ^ » iu W ao* ,x , & which decompression step includes subsamphng. As 

during decompression. As depicted, greater magnitudes for r \ , t , ..K , . ^. . ,. 4 . . 5 • 

j L * ,7 L . . , , previously noted, it is dimne the subsampling that the image 

a* and b* appear in blur areas 16, which values decrease r . , J . . , & ( . u r . °, & 

* y *Z - , . signal acquires spurious chromatic blur signals, 

towards area 20. FIG. 3 represents a chromatic, e.g., either &- ~i ~r *& 

a* or b*, signal values for object 12, at line 26, as the value 50 Next * a mask * created &om me luminance 

should appear after decompression. FIG. 4 represents the component, block 48. The mask is cre ated by determming 

actual signal values following decompression, at line 28, whether the luminance v^IuT!o7aj)arfa^ 

which results in the halo effect shown in FIG. 1. The basic whejherj he pixel should be a white are aor no^ 

concept of the method of the invention is to detect pixels Once the mask is created, the values of CI, C2 are 

which should contain, or represent; a white area, or 55 modified, blocks 50, 52, which result in Gl„ £m block -54, 

background, which have chrominance values inconsistent and C2 NEW , block 56, respectively. The value of L* is passed 

with the presence of a white area, which result in the through unchanged, block 58. The inverse of the transform 

chromatic blur, and to eliminate the spurious chrominance CT" 1 ) of block 40 is applied to the image signal components, 

signals. This is done by manipulating the chrominance block 60, which results in a new image signal, shown 

values as a function of the value of the luminance signal. 60 generally at 62, which includes a new red component, TL„ EW > 

Specifically, the range of the absolute value of the mag- °l° ck 64 > a new gr een component, G^^, block 66, and a 

nitude of the chrominance signals is limited according to the new Duie component, B^^, block 68. The method is 

luminance level. This technique is viable because the color performed in an analogous manner for the CMYK color 

gamut 24 in the luminance-chrominance space narrows to a system, or for any other color system, 

point at the minimum and maximum luminance values, as 65 Referring now to FIG. 6, the details of the processing in 

shown in FIG. 2. Again referring to FIG. 2, it is seen that as the modification of the chrominance images is shown in 

the luminance goes towards either black (K) or white (W), greater detail. As shown in FIG 
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C^, in this case a linear function which is multiplied by the 
Mask co<fc . The most computationally efficient embodiment 
of the mask is to merely scale the chrominance signal about 
zero, i.e., where the image is achromatic black-grey- white, 
by the mask which is represented by the solid line at 69 in 5 
FIG. 6a. 

A more sophisticated approach, and one which is only 
slightly less computationally efficient, is to use the mask to 
control the degree of limiting, which is accomplished by 
using the solid line transfer function of FIG. 6a on the 10 
chrominance signal prior to the multiplication by the mask. 
The chrominance images, Cl^^ (54), and C2 N£W (56) are 
determined by the equation: 



CD is 



where C mod is the non-linear transfer curve depicted in FIG, 
6b. Mask corfe is depicted in FIG. 6b as line 70, which is 
scaled by k, to control the maximum and minimum value of 
C ouv as represented by lines 70, 72, 74, respectively. 



20 



Ccut - C; n if ICJ <k* Mask^ 

= fc* Mask^ if |C W ,| i k * Masked 



(2) 
(3) 



This alternate method modifies the input/output chromi- 
nance relationship by a Mask^,, control signal. It is 
nonlinear, and cannot be summarily described simply as a 
multiplication. The modification affects the input/output 
transfer function such that, for input chrominance values 30 
near zero, the chrominance signals are unchanged, while for 
higher chrominance values, the mask acts as a limiter. 

Referring now to FIG. 7, the steps for generating the 
masking control signal, step 48 of FIG. 5, wherein the mask 
is generated from the luminance image signal component, 35 
Twill be explained. There are two ways to generate the mask. 
I Dashed line 76 creates a simple threshold signal with binary 
values of zero and one. The threshold value is chosen so that 
| the chrominance signal will only be affected in the brightest 
I parts of the image, where the chromatic blur is most visible, 40 
'and most likely to occur. One way to accomplish this 
analysis is to apply a threshold, also referred to herein as a 
predetermined value, operative to the luminance value and, 
if the threshold is exceeded, the mask is set to change the 
chrominance values to zero, i.e., no color However, there 45 
may still remain a slight halo about the object using this 
approach, for example, where the L* value is slightly less 
than the threshold. The result of using this technique is 
depicted in FIG. 8, wherein line 79 indicates that there will 
still be some chromatic blur about the image, however, a so 
large portion of the chromatic blur will be eliminated. 
~ Referring again to FIG. 7, solid line 78 represents a scaled 
mask which can reduce chromatic blur throughout the entire 
range from black to white. This results in the reducing of the 
absolute values of the CI and C2 signal values toward zero 55 
because the mask value is less than 1.0, and the chrominance 
signal is scaled by the mask signal, as in FIG. 6a, or limited 
by the mask signal, as in FIG. 6b. Line 78 results in a mask 
signal that attempts to track the maximum chromatic extent 
as a function of luminance, in accordance with the overall 60 
color gamut possible at the output. The purpose of providing 
different thresholds, or Mask coA . curves is to provide for a 
more accurate shaping of the plausible color gamut as a 
function of the luminance level. Although the gamut is 
depicted as elliptical and symmetrical in FIG. 2, it is 65 
generally non-symmetrical, and its shape depends on the 
printer or display. For example, the gamut usually has a 



wider excursion towards yellow (~C2+) in the light end of 
L*, and a wider excursion towards blue (-C2-) in the dark 
end of L*. 

Referring now to FIG. 9, the mask that is created, block 
48, is modified by weights, 78, 80, which are a function of 
the effect of the mask signal which allows the mask signal 
to be applied differentially to signal CI, C2, thereby differ- 
entially modifying CI and C2, steps 82, 84, resulting in 
CIaew block 86 and C2 NEW block 88 respectively. L, block 
58, is unchanged. Chrominance signals 86 and 88 and 
luminance signal 58 are then inversely transformed, result- 
ing in a new color image signal. 

Referring now to FIG. 10, another embodiment of the 
method is shown, wherein the chrominance image signal 
components are passed through a high-gain filters, blocks 
90, 92, respectively, before being modified by the mask, 
blocks 50, 52, and resulting in new chrominance signals, 
block 94, 96, respectively. Again, the luminance and the new 
chrominance image signal components are inversely trans- 
formed into RGB output as a new color image signal. It is 
important that the high-pass filter step be placed before the 
modification step, as filtering after the modification step may 
result in a ringing of the chrominance values. 

Another variation on the method is shown in FIG. 11. In 
this embodiment of the method, which provides the most 
control over the signals, chrominance image signal compo- 
nent 44 is split into two components; C1+, block 98, which 
includes the chrominance signals for CI which are greater 
than or equal to zero, and C1-, block 100, which includes 
the chrominance signals for CI which are less than zero. 
Likewise, chrominance signal C2 is split into C2+, block 
102, and C2-, block 104. In this embodiment, plural masks 
are formed, one for each of the chrominance signals, i.e., 
there is a mask for each of C1+, block 106, C1-, block 108, 
C2-K block 110, and C2-, block 112. The C1+ signal is 
modified block 114, by the mask for C1+, and like 
modifications, blocks 116, 118, and 120 are performed on 
the other chrominance signal components. The now modi- 
fied chrominance signals are combined, blocks 122, 124 into 
block 126, and block 128, and combined 

with luminance signal component 58 into a new color image 
signal. 

It should be appreciated that the method disclosed herein, 
and the variations thereof, may be practiced alone, or in 
combination, as desired. 

Thus, a method for eliminating chromatic blur, and sev- 
eral variations thereof, has been disclosed. It should be 
appreciated that further variations and modifications may be 
made thereto without departing from the scope of the 
invention as defined in the appended claims. 

We claim: 

1. A method for improving chromatic text resolution, 
comprising: 

creating a mask for a select image object from the 
luminance image signal component from a color image 
signal having a luminance image signal component (L) 
and chrominance image signal components (CI, C2) to 
determine whether a pixel is outside a graphical ele- 
ment; 

limiting the range of the absolute value of the chromi- 
nance image signal component as a function of the 
luminance image signal component during mask cre- 
ation; 

modifying CI, C2, by the mask into Cl^^, C2„ EW , 
image signal components, respectively; and 

transforming Cl^^ C2 WEW , and L* into a new color 
image signal. 
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2. The inethod of claim'l which includes transforming a " limiting the range of "the absolute value of the chrbmi- 
color image signal into chrominance (CI, C2) image signal nance image signal component as a function of the 
components and luminance (L) image signal component. luminance image signal component during mask cre- 

3. The method of claim 1 wherein creating the mask ation: 

includes providing a weighted function for the mask for each 5 modifying CI, C2, by the mask into Cl NSW , C2„ EW , 

chrominance signal component. ima g e si gPal components, respectively; and 

4. The method of claim 1 which includes passing CI, C2 transforming C1 NEW> C2 JVE ^ and L* into a new color 
through a selected high-pass filter prior to said modifying. image signal. 

5. The method of claim 1 which includes splitting CI and 8 - The method of claim 7 wherein creating the mask 
C2 into positive and negative components prior to said 10 includes providing a weighted function for the mask for each 
modifying chrominance signal component. 

6. The method of claim 1 wherein said modifying the 9 * ^ e me 1 thod ° f Jr 1 *™ 7 w J? ich P?f ^ £L, C2 
chrominance image signal components includes setting the m ™ g ^ a ^pass ®t™ prior to said modifying^ 

. • • i « ♦ ♦ u *u 10. The method of claim 7 which includes splitting CI and 

chrommance image signal components to zero when the ™ . 4 „^ , ^ ^ . f . ° . . 

, . . .? . * . tL j C2 mto C1+, CI- and C2+, C2-, respectively prior to said 

luminance image signal component is greater than a prede- 15 mo( jify m g 

termined value 11. The* method of claim 7 wherein said modifying the 

7. A method for improving chromatic text resolution for cnrominance image signa i components includes setting the 
a saturated color text object on a white background, com- chrominance image signal components to zero when the 
prising, luminance image signal component is above a predetermine 

transforming a color image signal, pixel-by-pixel, into 20 value. 

chrominance (CI, C2) image signal components and 12. The method of claim 7 wherein said creating a mask 

luminance (L) image signal component; includes setting the value of the mask to 1 or zero, 

creating a mask for a select image object from the 13. The method of claim 1 wherein said modifying 

luminance image signal component, wherein the mask includes modifying CI, C2 pixel-by-pixel. 

has a value of "1" or "0" to determine whether a pixel 25 

is outside a graphical element; ***** 
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